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Influence of High-Speed Rail on Manufacturing Entry 
 
Sen Wang1 
Abstract. This research investigated the association between new firm numbers and high speed 
rail stations. Integrated with firm-level data, city-level data, and GIS data, this research identified 
and examined the association at prefecture-level cities in China. The descriptive analysis profiled 
an imbalanced distribution of new firms’ location. The number of new firms at the east coast and 
central areas are much higher than southwest and northwest regions. Only a few of cities denoted 
a relatively large quantity of new firms. Statistical methods of both Ordinary Least Square (OLS) 
linear regression model and Coarsened Exact Matching (CEM) are taken for the causal inference 
implication. To improve the explanatory power of the selected independent variables, multiple 
regression models were tested. The regression model indicated that proximity to HSR stations 
brings a positive effect on firms’ decision making, whereas an increasing number of HSR 
stations at matched cities exerts a diminutive negative effect on new entrants.  
1. Introduction 
Aiming to upgrade railway speed and connectivity, China passed the ambitious Middle Term and 
Long Term High-Speed Rail Development Plan in 2004. This plan is marked as the prelude to 
constructing over 120,000 kilometers HSR in the future 10 years. The HSR network was planned 
as a “4*4” grid which will cover most of the land territory of the nation. Fourteen years later, 
China’s high-speed rail distance has been increased from 0 to 124 thousand kilometers. The 
“4*4” HSR network has already been fully achieved. The total HSR distance in China shares 
over 50% of the total HSR distance in the world. In 2016, the Chinese government revised the 
HSR plan and expanded the “4*4” grid to “8*8” grid. By 2020, the government plans to increase 
the distance to 150 thousand kilometers. In the near future, railways will connect all the regions 
that are larger than county level.  
In 2014, HSR monthly ridership in China surpassed 54 million, which equals to the domestic 
monthly aviation ridership in the United States. The high ridership and flow transfer 
strengthened the inter-city connection. This strengthened connection benefits local and regional 
economy via providing more accessible markets and sufficient labor supplies.  
However, the positive economic effect can only be achieved under several conditions. For some 
of the cities in China, building new HSR stations may not be an appropriate decision. Chinese 
HSR projects are led and funded by the central government. Constructing and maintaining HSR 
line increase the fiscal burden for the central government. Since rarely have HSR systems 
reached a fiscal balance or made profits, further irrational investment on HSR stations that don’t 
have sufficient potential riders along the corridor would increase the government’s fiscal burden. 
                                                          
1 Master candidate, Department of City and Regional Planning, University of North Carolina at 
Chapel Hill, senwang@live.unc.edu. 
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In fact, the over-capacity HSR construction has already happened in some of the cities in China. 
HSR stations turned out to be not that helpful for the local industry and economy growing. The 
HSR station location choice varies by areas. There are three main types of HSR station. Type I 
stations are located within city areas. Megacities like Beijing and Shanghai have their HSR 
stations close to city centers. HSR stations at these cities can sustain potential regional economic 
growth. Type II stations are located alongside HSR corridors. Type III stations are located at new 
towns or new cities. HSR stations at the latter two types are designated to stimulate local 
economic growth through connecting these areas with other developed areas. Although Type I 
stations are sustained by sufficient riders, Type II and Type III stations are suffering from low 
ridership and huge operating and maintenance costs. Additionally, HSR station scale varies a lot 
at different places. Ridership and schedules are also different from place to place. There is no 
persuasive indicator showing that the establishment of new HSR stations at those areas can 
significantly improve regional economy.  
This study aims to take a closer look at the impact of HSR on regional economic growth. Instead 
of doing a general qualitative research, I made efforts figuring out measurements of HSR and 
regional economy. As an essential component and backbone of local economy, firm numbers and 
profit can utterly shape the characteristics of a city’s economy. A huge proportion of gross 
regional product is created by firms. When deciding a firms’ location, the entrepreneur would not 
select a location randomly. Trying to understand firms’ location and the relevant varieties have 
become a focus for decades. With a fast constructing speed and huge amounts of investment, 
researchers are concerning about how does the HSR affect regional and overall economics. 
Given this new transportation circumstance, how do manufacturing firms react to this change 
becomes a topic that under research. This research aims to examine the association between the 
location of HSR station and the location of newly founded manufacturing firms. 
This study raised three major concerns: 
1. How many new manufacture firms were created from 2005 to 2013? 
2. What is the effect of HSR station on firms’ location choice?  
3. Will a city attract more new manufacture firms if the city builds more HSR stations?  
This study contributes to the fields of HSR and firms’ location choice study in several ways. 
First, the study came up with a quantitative research framework. The discussion of pros and cons 
of applying the framework is provided. Second, the results from this research framework are able 
to help to understand the determinations of firms’ location choice making. The conclusions from 
this study could also support potential HSR station location choice making researches.  
Two basic hypothesizes were introduced to the study. I hypothesized that the constructing and 
operating of HSR stations impose a positive effect on entrepreneurs’ decision of their firms’ 
location. Furthermore, I hypothesized that HSR’s influence on firms’ location varies by firms’ 
characteristics, such as scale, sector, and land use. The validity of the results was backboned by a 
thorough investigation of the relevant researches, a well-designed research method/variable 
selection, and a rational result interpreting process. For the next part of the paper, I introduced 
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the basic methodology applied in location mode choice. The analytical framework and 
descriptive analysis were also presented in this part. After that, the paper shifted to the statistical 
analysis and discussion. The report wrapped up with caveats and conclusions. 
2. Literature Review 
Classical industrial location theory holds that individual firms choose locations that minimize 
production costs. This fundamental goal could be achieved by agglomeration economy, cheap 
labor and land supply, useable natural resources, and fitted industrial types. The agglomeration 
economy is able to be measured from a variety of levels. Carod and Brouwer estimated that 
municipality characteristics, industry sectors, and firm sizes affected location decisions12. It is 
also important to notice that the productivity gained from urban agglomeration economy has a 
great deal of variability depended on magnitudes3. Glaeser estimated that abundant workers in 
relevant occupation can strongly predict entry. The bundled forces of labor, supplier, and the 
fixed effects of city and industry explain 60% ~ 80% of manufacturing entry4. Besides brand 
new entrants, vertical integration is another way of establishing new firms. New-born firms 
through vertical integration are also included into the definition of new firms in this study. Fan, 
et al. found that the establishment of these firms is associated with elevated per capita GDP and 
growth rate5. 
Among all the factors that determine firm location, transportation used to be an important one. 
However, tradeoffs exist when taking into account other factors. Instead of making optimum 
location decision, the “bounded rationality” theory states that firm owners aim to find 
satisfactory locations instead of best locations due to the limitation of getting information6. As a 
result of this, firms may not select the most transportation-accessible locations. In addition, 
transportation infrastructure affects firms’ location choice with respect to their location in 
relation to their competitors7. Furthermore, communication improvements further weaken the 
importance of transportation for some businesses. Supported by the lack of consistency between 
land use and new transportation projects, Giuliano (2002) found that transportation cost is no 
longer a key factor in location decision making.  
Regardless of the decreasing influence of transportation on location choice from entrants’ side, 
providing better transportation infrastructures and services are still an effective action that 
governments are striving to do in order to prompt regional economic balance or to stimulate local 
economy growing. Targa, et al. found that transportation supply is significantly associated with 
firms’ location decisions8. Compared with normal speed railway transportation, HSR brings an 
improved inter-city mobility and accessibility. At the same time, HSR attributes to spatial and 
economic polarization and spillover effect9. HSR is able to divert passenger travel from freight 
transportation. This conversion can help to release potential railway capacity and hence to 
improve transportation efficiency. Megacities take advantage of the improved accessibility and 
facilitated their industrial agglomeration10. The influence of HSR at mega cities can spillover to 
suburban and rural areas. Small cities are also affected by the establishment of HSR stations.  
However, the effect that HSR stations bring to a region is not always positive. Researchers have 
found that HSR can either strengthen or exhaust the spatial structure11. Crescenzi and Rodriguez 
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(2008) argued that transportation infrastructure investment within a region or in neighboring 
regions seems to leave peripheral regions more vulnerable to competition. The positive effect of 
infrastructure investment wanes quickly and it is weaker than the that of the level of human 
capital12.  
The influence of HSR stations to new entrants could also be differentiated by entrants’ 
characteristics. Different industry sectors have a variety of reaction to accessibility and 
agglomeration economy.13 Padeiro denoted that the role of transport infrastructure is rather 
limited when analyses are differentiated according to economic sectors14. Transportation 
incentive firms benefit from new transportation infrastructures with some cost to employment in 
existing business15. Furthermore, Niskanen found that firm size seems to have a more 
complicated relationship with growth16. Spatially, Holl found that most benefits are concentrated 
near new infrastructures17.  
In summary, agglomeration economic along is inadequate for understanding firms’ locations. 
Firms’ location choice is determined by multiple measurements, including social environment, 
cost and demand, and resources. Besides the concerns of regional productivity, labors, and wage, 
other factors like growth rate, house price, distance to transportation infrastructure, and new 
transportation infrastructure quantity and quality could also affect new entrants’ decision 
making. As one important part of resources, transportation’s influence on location choice is 
inconsistent. The influence is affected by industry scale, sector, and land type. This study 
investigated the relationship of firms’ location with measurements that are theoretically 
associated. 
3. Data & Method 
 The analytical framework addressed the fundamental and potential links for both HSR stations 
and other determinants to firms’ location (Figure 1). The unite of analysis is on city-level. The 
study collected the data from 209 cities in the mainland China. Three data sources were accessed 
in this research. One of the sources is China Industry Business Performance Data which 
incorporated industrial firms’ information. Firms with an annual income higher than 20 million 
RMB were incorporated into the dataset. Because this database included coordinates information 
as well as annual economic report, it is possible to integrate geospatial information with 
socioeconomic information. The data that I used in this study spans from the year of 2005 to 
2013. Another data source that I used is 2005 China City Statistical Yearbook. I extracted the 
data from the China National Census Beau. HSR locations and city boundaries were downloaded 
from the open-source database at the Center for Geographic Analysis at Harvard University.  
This research adopted mixed methods for the quantitative analysis. I used Ordinary Least Square 
(OLS) linear model to test the association between variables. The results from OLS were 
compared with the results from Coarsened Exact Matching (CEM) to get a better causal 
inference of the effect of HSR on firms; To deal with the issue of overdispersion, I used the 
logarithm value of the number of firms as the dependent variable. The issue of positive skewness 
for the counted number was well controlled via this method. Plus, multiple models were applied 
separately with each time by adding extra variables.  
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3.1 Dependent variable 
Having known the characteristics of the data, the next step that I took was selecting suitable 
variables for the potential regression models. The dependent variable in this model is the number 
of newly established firms within city boundaries.  
Different firms’ characteristics vary a lot. To further explore the effect of potential variables on 
firm locations, I categorized new firms into three groups by scale, sector, and land type. The 
scale of a firm stands for the cost advantage experienced when the level of output increases. The 
greater the quantity of output, the lower the per-unit fixed cost a firm will take. Scales in this 
study were categorized into small, medium, and large with equal firm numbers in each group. 
The study also identified and grouped firms into different sectors (Table 1). The input industrial 
database consists of 46 general sectors and 676 sub-sectors. Characterized by firms’ 
transportation needs, I generalized the sectors into 5 basic sectors, including 1) primary; 2) 
textile, fur, and timber; 3) fossil, chemistry, and mental; 4) food, drink, and smoke; 5) 
transportation, communication, and utilities. Additionally, the study recognized that the 
municipality location affects entrepreneurs’ location choices. Dorf and Emerson found that the 
new manufacturing plant location has two dominant patterns. It covers a broad spectrum of 
industry types. It was also determined by geographical area and community characteristics18. As 
a result, I integrated the firms’ geographical information with their municipality locations and 
categorized the data into two groups: firms in city area and firms in rural areas. 
Since the dependent variable is count data, which is intrinsically integer-valued and is complying 
with a Poisson distribution, it is impossible to process an OLS because the raw data is suffered 
from overdispersion. The density plotting supported this conclusion as the dependent variables in 
all groups are left-skewed. Thus, I converted the dependent variables into the count of firms with 
natural logs. The density plot and descriptive analysis indicated that after the conversion, the 
dependent variables in all groups are normally distributed and the mean values are comparable 
with the variances.  
3.2 Explanatory variables 
Five independent variables were included in the model. Station numbers at each city in the year 
of 2016 and the average distance from each firm to the nearest HSR stations are the two major 
indicators. The reason for selecting the year 2016 is because firm owners’ location could not 
merely be affected by the proximity to transportation infrastructures at the time when decisions 
were made, but also be affected by the expectation of a place’s potential development and 
accessibility to transportation. Besides stations, firm owners are also caring about the land supply 
for a given area. If an area has sufficient new urban land, more industries could be generated at 
the region. 
a. GRP 
Gross Regional Product (GRP) is a regional monetary measure of market value of all financial 
goods and services for a given period of time. GRP has been proved to have a significant 
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influence on location decision making. The GRP values for cities in this study were extracted 
from 2005 City Year Book and the unit for the value is a billion RMBs. 
b. Wage per capita 
Wage per capita is an important value that measures cost. The value was calculated by the total 
expenses on wage divided by the total number of labor forces in a city. 
c. Education 
The number of people that graduate from high school and above is a strong indicator of the 
potential labor forces. Firm owners are more likely to choice locations at the place with adequate 
labor forces. The study incorporated the educational attainments in the model which represents 
the total number of people that hold a degree of senior high school and above.  
d. House price 
From workers’ perspective, housing price affects their decision when searching for jobs. A city 
with high house price depresses a new graduate who is searching a job at that city. The concern 
from the labor side finally leveraged entrepreneurs’ concern in location choice making. The 
house price in this study stands for the average house/apartment price for a city in the year 2010.  
e. Proximity 
Firms which are located closer to HSR stations may benefit from the proximity for better 
transportation accessibility. This proximity was measured by the average Euclidean distance 
from firms to their closest HSR station within the city that they are in.  
f. Stations 
The study calculated the number of opened stations for each city by the year 2016. Because all 
the new firms in the model were established from 2005 to 2013 and all HSR stations were built 
at the same time, I assumed that those new firms emerged prior to or at about the same time as 
the opening of new HSR stations.  
Descriptive Analysis  
To denote the geospatial pattern of new firms, a descriptive analysis was taken using ArcGIS. 
First, I grouped the industry business data based on firm locations. Observations in the 
aggregated data were grouped by the 209 city boundaries. Most of the new firms were located 
near the east cost of China. Only few observations were located at the southwestern direction of 
the nation. The grouped map (Figure 2) shows that the highest number of new firms were 
generated from the four metropolitan areas in China – “Beijing, Tianjin, and Hebei region”, 
“Yangze River Delta”, “Zhujiang River Delta”, and “Chongqing region”. The spatial 
agglomeration effect is significant in that the majority of new firms intensively aggregated at a 
small percent of the total area in China. In contrast, large areas remained in scarce of new 
establishments. The density plot indicated that the new firms are not equally distributed.  
Empirical Results  
Master Project |Sen Wang                                           Influence of High-Speed Rail on Manufacturing Entry  
 
7 
 
Due to the changes of municipality boundaries and names, cities that failed to match between 
different data input were excluded from the study. The regression examined the effects imposed 
from GRP, GRP growth rate, wage, education, house price, distance to station, and the number 
of stations. Table 2, Table 3, Table 4, and Table 5 denotes the main regression results.  
Table 2 tested the influence of the independent variables on the number of new firms for all 
categories. Results indicated that economy, cost and demand, resources all attribute to new 
establishments. This result was inconsistent with the previous study on rational location choice 
model. In the first model, I tested the three main explanatory variables: GRP, wage per capita, 
and education. The model showed a significant connection between GRP and education on the 
number of new firms. The elasticity for 1% change of GRP to the increment of new firms is 
diminutive. Only additional 0.1% of new firms will arise because of this increment. The beta 
coefficient for education is much larger. The result indicated that one percent increase of the 
people that finished senior high school or withhold a higher education degree will attribute to 
1.73% increase on the outcome variable. Moreover, the result indicated that wage was not 
significantly related to the number of new firms. The result of wage is different from the one 
from Woodward. The second model was added by GRP growth rate. Different from GRP, GRP 
growth rate illustrates the potential growth for the surveyed year and could probably shape the 
market confidence for the following year. The result supported the assumption. It is estimated 
that one percent increase in the GRP growth rate will contribute to 1.03% increase of new firm 
numbers within a city. The third model was added by house price. Results denoted that house 
price is significantly related to firms’ location. It is estimated that if house price increases one 
thousand RMBs, new firm numbers will increase 1.04%. The last model was further added by 
the number of HSR stations in a city as well as the average distance between HSR stations and 
the firms. When these two variables were added to the model, GRP growth rate was no longer 
significant. This result indicated that the newly added HSR variables can replace the role of GRP 
growth rate in the model. The statistical result supported the conclusion by showing that the 
average distance is correlated with GRP growth rate, although the relationship behind this 
conclusion is unknown. The average distance between firms and the closest HSR stations is 
significantly related to the number of new firms. However, station numbers seem to have no 
significant effect on the outcome variable. All of the models were witnessed high adjusted R-
squared values. When the HSR variables were introduced into the model, the adjusted R-squared 
value jumped from 0.498 to 0.542. Over 54% of the number of new firms could be explained by 
the independent variables. ANOVA results and F-test results also supported this conclusion.  
Table 3 illustrated the OLS results with the number of new firms grouped by scales. For different 
scales, GRP, education, house price, HSR variables revealed the same conclusion as which in the 
general model. However, per capita wages and GRP growth rate denoted different statistical 
results compared with the general model. Wage is not significant for small and medium firms, 
but which is highly significant in the large firms. Wage has a negative effect on new firms 
although the coefficient is quite small. GRP growth rate was also shown to be significant, one 
percent increase in GRP growth rate is associated with 1.03% increase in new firms. All of the 
three models got high adjusted R-squared values.  
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Table 4 illustrated the OLS estimates categorized by sector. I grouped all the firms for each city 
into five sectors. The model for sector 1 overturned nearly all the conclusions in the general 
model. Only wage is significantly associated with the outcome variable. The effect of wage on 
the number of firms is negative. All other variables, including GRP, education, house price, 
average distance, and station numbers were not significant. Considering the fact that this model 
could only explain 11.2% of the location choice, I rejected the results form sector 1. The low 
explanatory power was probably because of the small sample size for sector 1. House price is not 
significantly associated with the number of new firms in sector 2. However, the coefficient of 
education is 1.228, which is the highest among all sectors. The value could be converted to 
3.32% increase of new firms given 1% increase on people that receive higher education. The 
model of sector 3 witnessed a strong correlation between GRP growth rate and the outcome 
variable. Wage is significant in the model of sector 4.  
Table 5 presented the results conditioned on land types. The results are similar to the general 
model. House price turned out to have a totally different effect on the number of new firms. For 
rural areas, house price is negatively related to the outcome variable. New firms at city areas are 
more tolerant of house price change. Both urban and rural firms are negatively affected by the 
increase of average distance to the closest station.  
Discussion 
This study examined the determination of new firm numbers at city level. Besides testing the 
effect of the variables in previous studies, the study also investigated the effect from HSR 
stations and the proximity to firms. Economy and education level in a city are always associated 
with the number of new firms. This conclusion confirmed the result from previous studies. 
Entrepreneurs reacted differently to the influence of GRP growth rate, wage, house price, and 
HSR in the process of decision making.  
The New firms from different groups reacted oppositely when GRP growth rate increase. The 
increase of GRP growth rate is only positively associated with the number of firms that are large 
and in the sector of fossil, chemistry, and mental. For ungrouped firms, the influence of GRP 
growth rate is replaced by the influence of HSR stations. The existing of HSR stations turned out 
to be more important in location decision making for firm owners.  
In addition, Wage is not always associated with the number of new firms. This result is different 
from previous studies which argued that wage, as a major measure of cost for entrepreneurs, can 
help with the decision making. A potential reason for this inconsistency is that the concerns of 
wage dependents on firms’ characteristics. Chien’s finding shed lights on this inference in that 
foreign direct investment were not affected by wages19. The variety of firms’ characteristics and 
unobserved variables could conceal the power of wage. In fact, the study did observe the 
situation that large firms care more about wages compared with small and medium firms. A 
better control of wages could support large companies of their operating and sustainable growth, 
whereas small and medium firms are more flexible with wage increases. Wages on firm numbers 
are also associated with the sector that a selected firm belongs to. For those firms with more 
needs on marketing, wage exerts an effect on the location choice. Primary sector, food, drink, 
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and smoke are several sectors that are sensitive to time and market although the effects are 
diminutive.  
House price imposes a negative influence on firm numbers. But for small firms, sector 2 firms, 
and urban firms, house price is not significantly associated with the decision making. 
Entrepreneurs and labors could probably find tradeoffs, like more skilled workers, better 
accessibilities, and fewer labors.  
Accessibility turned out to be a very important factor for location choices. Close to HSR stations 
improve accessibility. Therefore, firms are more likely to be located near HSR stations. The only 
exception emerged from the food industry. HSR are not significantly associated with firms that 
produce and sell food, drink, and smoke. The food industry is highly relying on markets. The 
influence of accessibility to transportation shall be addressed for the food industry. An 
alternative reason for this result is that the accessibility for the food industry is more related to 
road or air transportation. 
Coarsened Exact Matching (CEM) Result 
The OLS results denoted that HSR stations are not correlated with the number of new firms. 
Assuming that the covariates added into the OLS model indicated a good control of confounding 
variables, I noticed a non-causal effect between HSR stations and number of new firms. This 
takeaway is not reliable in that it is highly dependent on model settings. The estimates and 
significances are inconstant when outcome groups change or explanatory variables are added or 
replaced. Interpreting the result from these results are partially subject to researchers’ discretion. 
However, biases could easily happen in this subjective process and hence lead to biases and even 
errors. To further investigate and identify the relationship between HSR stations and firm 
numbers, I used Coarsened Exact Matching (CEM). The main goal of investigating a CEM is to 
reduce the model dependence and delete some observations from the applied OLS. By using 
CEM, I’m also able to compare and discuss the inconsistency between the two methods applied. 
CEM is the most popular and versatile tool for matching. It has many advantages compared to 
another popular method – Propensity Score Matching. King and Nielson (2016) discussed two 
main issues that exist within PSM. The issue of imbalance is the source of model dependence. 
The general idea of matching is to reduce the imbalance happened in a model. However, PSM is 
blind to the large proportion of imbalance that could be observed by fully blocked 
randomization. Additionally, PSM could further increase imbalance. Given that CEM 
approximates a fully blocked experiment, it can prune the data in a better way. 
In this CEM quasi-experiment, treatment and control groups were defined as whether a given 
city has new HSR stations. For cities with equal to or more than 1 HSR stations, I assumed that 
they are under the treatment group. For cities that didn’t build any HSR station, I assumed that 
they are under the control group. The treatment effect was measured by the number of new firms. 
Similar to the OLS design, I converted the overdispersed outcome variable into natural log 
values.  
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The investigating was divided into four steps. First, I tested the imbalance among observations. 
Second, I applied CEM and compared differences between the treatment group and the control 
group2. Third, I estimate the full model on the matched sub-sample data and compared the 
estimated average treatment effect (ATE) from the standard model, the simple matched sample, 
and model run on the matched sample. Finally, I calculated the estimated mean coefficient values 
as a function of how many observations are pruned from the dataset. The mean coefficient value 
denoted the feasible sample average treatment effect (FSATE)3. The CEM results were shown in 
Table 6. 
The imbalance test result rejected the null hypothesis that there is no significant difference 
between HSR stations and firm numbers (p < 0.001***). The treatment effect estimation denoted 
that 21 over 83 observations were matched into the group of treated assignment which was in 
fact treated. 48 observations were matched into the group of treated assignment which was in 
fact untreated. The unmatched observations are 62 and 114 respectively. In general, only 
approximately 30% of the data were matched. Other observations were pruned from the dataset.  
CEM result overthrew the conclusion extracted from OLS that high-speed rail has no effect on 
firm numbers. Although neither the standard model nor the sample matched model indicated a 
significant difference between HSR stations and number of firms, the model run on the matched 
sample incorporated with both treated variable and covariates indicated that high-speed rail 
exerts a negatively effect on the number of firms (p = 0.049*). Additionally, the CEM result 
revealed that cities like Beijing and Shanghai shouldn’t be incorporated in the treatment group 
since they are not comparable with other cities. The number of HSR stations in these cities have 
weaker power on explaining new firms’ location choice than other cities. Further, the FSATE 
test denoted that as more data were pruned from the dataset, the estimates kept going down and 
changed from positive to negative before the sharp fluctuation aroused when nearly all 
observations were pruned (Figure 3). 
Compared with the OLS model, the CEM result denoted that HSR station numbers could have a 
negative effect on firm numbers once the covariates were balanced and observations were well-
matched. This conclusion is statistically more feasible than OLS given that the p-value was out 
of 95% confidence intervals. Although firm owners are more willing to locat their firms closer to 
HSR stations, a more general image illustrated that an increasing number of HSR stations cannot 
attribute to more firms although the negative effect is diminutive.  
Caveat 
                                                          
2 By default, cem treats missing values as distinct categories and matches observations with 
missing 
values in the same variable in the same stratum provided that all the remaining (corasened) 
covariates match. Follow the link for more details: https://cran.r-
project.org/web/packages/cem/cem.pdf 
3 Follow the line for more details: https://cran.r-
project.org/web/packages/MatchingFrontier/vignettes/Using_MatchingFrontier.pdf 
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The study integrated a variety of data sources into one dataset. Although all the data are reported 
from the year of 2005 to 2015, over 20% of observation were excluded because they are 
unmatched from different data sources. This fact yielded to the biases of data and weakened the 
validity of the result. 
For a better estimation, spillover effect needs to be further recognized and measured. Woodward, 
Figueriedo, and Guimaraes tested the sensitivity of the model as the spillover buffer expanded20. 
To get the value of weighted college students, I need to create multiple buffers in ArcMap and 
test the sensitivity of the model separately. Potential buffers could be ranged from 0 to 300 
kilometers with an increment of 5 kilometers, which means 60 buffer scenarios will be included 
in the model. The rule for calculating the students in the buffered area is that all the students in 
the buffered area are added together as the weighted student value. Students distribution at each 
city is generalized as the geometry centroids at each city. As a result, all the centroids that fell 
into a given buffer will be counted. The weighted college student numbers need to be calculated 
because college is a potential source of creating new labors. High college students in one region 
would benefit both the belonged city and also the neighboring cities.  
Matching could be enhanced once more covariates are incorporated. However, I need to be 
cautious about decreasing sample size. A small sample size brings two issues. It has low 
statistical power, and it doesn’t accurately reflect the result of the entire observations. 
Furthermore, neither the OLS or CEM that I used in this study addressed the endogeneity issue. 
In the OLS model, some of the independent variables are correlated with each other. I also found 
that some variables, like GRP growth rate and distance to HSR stations, that may seem unrelated 
have a strong correlation. The potential relationship behind this needs to be investigated in the 
future. The fact that need to be addressed is that CEM cannot deal with endogeneity problems 
(King, 2015).  
Last but not the least, I need to further investigate the influence of HSR station numbers to new 
establishment numbers for different time spans. From 2004 to 2010, both the HSR operating 
mileages and the ridership were witnessed with significant growth, whereas the constructing and 
extra ridership growth became more gently from 2011 to 2016. Further work needs to identify 
and analyze the difference.  
Conclusion 
This study identified and analyzed the determinations of new firms’ location choice. GRP, 
education, and house price have strong influences on firm numbers and locations. The influence 
of social environment, supply and demand, and resources to firms’ location choice are not 
consistent for firms with different scales, sectors, and land types. An increasing number of HSR 
stations brings a diminutive negative effect on entrants. Cities with firms that are closer to HSR 
stations tend to have more new entrants. Besides, the study denoted that only a small portion of 
cities in China could be compared with each other of the impact of HSR stations on new firms. 
The results rejected the hypothesis that the number of HSR stations imposes a positive effect on 
new firms’ location choice. The results from this study have implementations for the study of 
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firms’ location decision making, and for the policy design and practice of building new HSR 
stations. 
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Appendix 
Figure 1. Conceptual Framework 
 
Figure 2. New Establishment Density and HSR Station Location 
 
 
Table 1 New establishments by sector (2005-2013) 
Sector Code New 
Establishments 
Birth 
Rate % 
Fossil-Chemistry-Mental 69,767 40.01% 
Transportation-Communication-
Utilities 
48,363 27.73% 
Textile-Fur-Timber 28,657 16.43% 
Food-Drink-Smoke 19,531 11.20% 
Primary 8,058 4.62% 
 
Table 2: OLS estimates, all categories
Dependent variable: ln(NewFirms)
All Categories
(1) (2) (3) (4)
Constant 4.989∗∗∗ 4.615∗∗∗ 4.627∗∗∗ 5.099∗∗∗
(0.245) (0.289) (0.285) (0.296)
GRP1000 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗
(0.000) (0.000) (0.000) (0.000)
GRPGrowthRate 0.029∗∗ 0.024∗∗ 0.018
(0.012) (0.012) (0.012)
WagePerCapita −0.00001 −0.00002 −0.00000 −0.00001
(0.00001) (0.00001) (0.00002) (0.00002)
Education 0.548∗∗∗ 0.577∗∗∗ 0.580∗∗∗ 0.500∗∗∗
(0.105) (0.105) (0.103) (0.101)
HousePrice −0.00004∗∗∗ −0.00003∗∗
(0.00001) (0.00001)
AvgDistanceToHSR −0.002∗∗∗
(0.001)
Stations −0.008
(0.014)
Observations 209 209 209 209
R2 0.466 0.480 0.498 0.542
Adjusted R2 0.458 0.470 0.486 0.526
Residual Std. Error 0.671 0.663 0.653 0.627
(df = 205) (df = 204) (df = 203) (df = 201)
F Statistic 59.540∗∗∗ 47.103∗∗∗ 40.270∗∗∗ 33.974∗∗∗
(df = 3; 205) (df = 4; 204) (df = 5; 203) (df = 7; 201)
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Note: Dependent variable is the natural log of new firms.
Table 3: OLS estimates, categorized by firm scale
Dependent variable: ln(NewFirms)
Small Median Large
(1) (2) (3)
Constant 3.440∗∗∗ 3.765∗∗∗ 4.635∗∗∗
(0.351) (0.319) (0.323)
GRP10000 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗
(0.000) (0.000) (0.000)
WagePerCapita 0.00002 −0.00001 −0.0001∗∗∗
(0.00002) (0.00002) (0.00002)
Education 0.583∗∗∗ 0.643∗∗∗ 0.285∗∗
(0.120) (0.109) (0.110)
GRPGrowthRate 0.015 0.013 0.031∗∗
(0.014) (0.012) (0.013)
HousePrice −0.00002 −0.00003∗∗ −0.00005∗∗∗
(0.00002) (0.00002) (0.00002)
AvgDistanceToHSR −0.002∗∗∗ −0.002∗∗∗ −0.002∗∗∗
(0.001) (0.001) (0.001)
Stations −0.013 −0.005 −0.004
(0.017) (0.015) (0.016)
Observations 209 209 209
R2 0.469 0.520 0.508
Adjusted R2 0.451 0.503 0.491
Residual Std. Error (df = 201) 0.743 0.675 0.684
F Statistic (df = 7; 201) 25.385∗∗∗ 31.090∗∗∗ 29.613∗∗∗
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Note: Firms are categorized by firm scale (small/medium/large). I used two tertiles to split
data into three groups with equal data numbers in each group.
Table 4: OLS estimates, categorized by sector
Dependent variable: ln(NewFirms)
Sector1 Sector2 Sector3 Sector4 Sector5
(1) (2) (3) (4) (5)
Constant 3.609∗∗∗ 1.929∗∗∗ 4.157∗∗∗ 3.655∗∗∗ 3.435∗∗∗
(0.555) (0.525) (0.328) (0.369) (0.371)
GRP10000 0.000 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗
(0.000) (0.000) (0.000) (0.000) (0.000)
WagePerCapita −0.0001∗∗∗ −0.00000 −0.00000 −0.0001∗∗∗ 0.00000
(0.00003) (0.00003) (0.00002) (0.00002) (0.00002)
Education 0.091 1.228∗∗∗ 0.448∗∗∗ 0.625∗∗∗ 0.375∗∗∗
(0.189) (0.179) (0.112) (0.125) (0.126)
GRPGrowthRate 0.018 0.007 0.025∗ 0.009 0.022
(0.022) (0.021) (0.013) (0.014) (0.015)
HousePrice −0.00002 −0.00003 −0.00005∗∗∗ −0.00004∗∗ −0.00003∗
(0.00003) (0.00002) (0.00002) (0.00002) (0.00002)
AvgDistanceToHSR −0.0002 −0.004∗∗∗ −0.003∗∗∗ 0.001 −0.004∗∗∗
(0.001) (0.001) (0.001) (0.001) (0.001)
Stations −0.031 0.013 −0.012 0.004 −0.015
(0.027) (0.025) (0.016) (0.018) (0.018)
Observations 209 209 209 209 209
R2 0.112 0.473 0.519 0.369 0.548
Adjusted R2 0.081 0.455 0.503 0.347 0.533
Residual Std. Error (df = 201) 1.174 1.111 0.694 0.780 0.785
F Statistic (df = 7; 201) 3.631∗∗∗ 25.802∗∗∗ 31.037∗∗∗ 16.801∗∗∗ 34.855∗∗∗
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Note: Firms are categorized by sector. Sector1 stands for primary; Sector2 stands for
textile, fur, and timber; Sector3 stands for fossil, chemistry, and mental; Sector4 stands for
food, drink, and smoke; Sector5 stands for transportation, communication, and utilities.
Table 5: OLS estimate, categorized by land type
Dependent variable: ln(NewFirms)
Urban Rural
(1) (2)
Constant 3.440∗∗∗ 3.765∗∗∗
(0.351) (0.319)
GRP10000 0.000∗∗∗ 0.000∗∗∗
(0.000) (0.000)
WagePerCapita 0.00002 −0.00001
(0.00002) (0.00002)
Education 0.583∗∗∗ 0.643∗∗∗
(0.120) (0.109)
GRPGrowthRate 0.015 0.013
(0.014) (0.012)
HousePrice −0.00002 −0.00003∗∗
(0.00002) (0.00002)
AvgDistanceToHSR −0.002∗∗∗ −0.002∗∗∗
(0.001) (0.001)
Stations −0.013 −0.005
(0.017) (0.015)
Observations 209 209
R2 0.469 0.520
Adjusted R2 0.451 0.503
Residual Std. Error (df = 201) 0.743 0.675
F Statistic (df = 7; 201) 25.385∗∗∗ 31.090∗∗∗
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Note: Firms are categorized by land type (urban/rural). If a new firm is located at a place
which belongs to urban land in the year 2005, then the firm belongs to urban and vice
versa.
Table 6: CEM estimates of original model on matched data
Estimate Std. Error t value p-value
(Intercept) 5.000 0.860 5.800 0.00000
HSRStations -0.470 0.230 -2.000 0.049
GRP10000 0.00000 0.00000 7.900 0
GRPGrowthRate 0.047 0.029 1.600 0.120
PerCapitaLaborWages -0.00004 0.00004 -0.950 0.340
EducationAttHighSchool 0.430 0.190 2.200 0.031
HousingPrice 0.00001 0.0001 0.140 0.890
DistToStation -0.010 0.005 -1.900 0.057
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Figure 3. CEM treatment effect consistent test 
Note: As more data were pruned from the dataset, the influence of the number of HSR stations 
kept going down and changed from positive to negative before the sharp fluctuation arose when 
nearly all observations were pruned 
